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The title compound C25H29BrClN04, comprises a 3,3,6, 6-tetramethyltetra- 
liydroacridine-l,8-dione ring system that carries a hydroxyethyl substituent on 
the acridine N atom and a 3-bromo-5-chloro-2-hydroxyphenyl ring on the 
central methine C atom of the dihydropyridine ring. The benzene ring is inclined 
to the acridine ring system at an angle of 89.84 (6)° and this conformation is 
stabilized by an intramolecular O— H- ■ O hydrogen bond between the hydroxy 
substituent on the benzene ring and one of the carbonyl groups of the 
acridinedione unit. In the crystal, O— H- ■ O, C— H- ■ O and C— H- ■ Br 
hydrogen bonds combine to stack molecules in interconnected columns 
propagating along the a-axis direction. 

1. Chemical context 

Acridine derivatives occupy an important position in medic- 
inal chemistry due to their wide range of biological applica- 
tions. They exhibit fungicidal (Misra & Bahel, 1984; Srivastava 
et al, 1985), anti-cancer (Sondhi et al, 2004; Sugaya et al., 1994; 
Kimura et al., 1993), anti-parasitic (Ngadi et al, 1993), anti- 
inflammatory and anti-microbial (Shul'ga et al, 1974; Gaiu- 
kevich et al, 1973) activity. They are also components of 
effective analgesics (Taraporewala & Kauffman, 1990; 
Gaidukevich et al, 1987). Other pharmaceutically active acri- 
dine derivatives (e.g. Mepacrine, Azacrine, Proflavine, and 
Aminacrine) also demonstrate antimalarial and antibacterial 
activity (Denny et al., 1983). 
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Figure 1 

The structure of (1) with elhpsoids drawn at the 50% probabihty level. 

2. Structural commentary 

The structure of (1) is shown in Fig. 1. The 3,3,6,6-tetramethyl- 
tetrahydroacridine-l,8-dione ring system is substituted at the 
central methine C9 atom by a 3-bromo-5-chloro-2-hydroxy- 
phenyl ring and carries a hydroxyethyl substituent on the 
acridine N atom. The acridinedione ring system deviates 
significantly from planarity with an r.m.s. deviation of 0.336 A 
for the 13 C atoms and one N atom of the acridine unit. This 
plane is almost orthogonal to the benzene ring plane [dihedral 
angle = 89.84 (6)°], a conformation that is stabilized by a 
strong intramolecular 092— H92- ■ -08 hydrogen bond 
between the two systems (Table 1). Both the 3-bromo-5- 
chloro-2-hydroxyphenyl and hydroxyethyl substituents point 
in the same direction with respect to the acridine plane. 
Furthermore, one methyl group is axial and the other equa- 
torial with respect to the two outer cyclohexenone rings of the 
acridinedione and again, the axial methyl substituents are 
found on the same face of the acridinedione ring system. 
Overall this ring system is V-shaped with the substituents 
mentioned above on the convex surface of the shallow V. The 
outer cyclohexenone rings both adopt flattened chair config- 
urations with the C3 and C6 atoms each 0.646 (4) A, in the 
same direction, from the best-fit planes through the remaining 



Table T 

Hydrogen-bond geometry (A, °). 



D-H- ■ A 


D-H 


H- ■ -A 


D-A 


D-H- ■ -A 


092-H92- ■ 08 


0.82 (4) 


1.81 (4) 


2.613 (3) 


166 (4) 


O102-H102- ■ -or 


0.81 (5) 


2.01 (5) 


2.808 (3) 


167 (5) 


C61-H61B---Br93" 


0.98 


2.87 


3.720 (3) 


146 


C31-H31B---092'" 


0.98 


2.65 


3.532 (4) 


150 


C5-H5B---092''' 


0.99 


2.71 


3.479 (4) 


135 


C7-H7A- ■ -092" 


0.99 


2.44 


3.346 (4) 


151 


C4-H4A- ■ -cm" 


0.99 


2.88 


3.868 (3) 


173 


Symmetry codes: (i) 

— 5, — y + J, z + i; (iv) x - 


-X + i y - 
hi. -y + i,z- 


i, -z + k (ii 

4- 


) -A-+l,-y, 


-z + 1; (lii) 




Figure 2 

Zigzag chains of (1) parallel to the b axis with hydrogen bonds drawn as 
dashed lines and symmetry operations shown in Table 1. For clarity, H 
atoms bound to atoms not involved in hydrogen bonding are not shown. 

five C atoms. In contrast, the central C9/N10/C11-C14 ring can 
best be described as a flattened boat with C9 and NIO 0.423 (4) 
and 0.154 (4) A, respectively, from the best-fit plane through 
the remaining four C atoms. The bond lengths and angles in 
the molecule of (1) agree reasonably well with those found in 
closely related molecules (Abdelhamid et al, 2011; Khalilov et 
ai, 2011). 



3. Supramolecular features 

The crystal structure of (1) features O102-H102- ■ -Ol 
hydrogen bonds, which link the molecules into zigzag chains 
parallel to the b axis (Fig. 2). Weak C4— H4^- ■ -0195 together 
with C5-H55- ■ 092 and C7-H7A- ■ 092 hydrogen bonds 
to the same acceptor oxygen atom form Rl(15), Rl(13) and 
Rl(6) rings. These, combined with weaker inversion-related 
C61— H615- ■ ■Br93 contacts [which in turn generate i?|(22) 
motifs], generate sheets of molecules lying parallel to the (421) 
plane, as shown in Fig. 3. C31— H315- ■ 092 hydrogen bonds 
form additional chains of molecules along the ac diagonal 




Figure 3 

Sheets of molecules of (1) parallel to (421) with hydrogen bonds drawn as 
dashed lines and symmetry operations shown in Table 1. For clarity, H 
atoms bound to atoms not involved in hydrogen bonding are not shown. 
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Figure 4 

Chains of molecules of (1) along the diagonal of the ac plane with 
hydrogen bonds drawn as dashed lines and symmetry operations shown in 
Table 1. For clarity, H atoms bound to atoms not involved in hydrogen 
bonding are not shown. 

(Fig. 4). Overall, these interactions stack the molecules into 
interconnected columns along the a-axis direction (Fig. 5). 



4. Database survey 

Numerous structures of acridine and its derivatives have been 
reported previously, with 373 entries in the current database 
(Version 5.35, November 2013 with 1 update; Allen, 2002). 
However, far fewer structures of derivatives of the seminal 
hydroacridine, 3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydro- 
l,8(2//,5//)-acridinedione (Natarajan & Mathews, 2011) are 
found with only 25 unique structures of derivatives with an 
aryl substituent on the methine C atom and an alkyl or aryl 




Figure 5 

Overall packing for (1) viewed along the a axis with hydrogen bonds 
drawn as dashed lines. 



Table 2 

Experimental details. 

Crystal data 
Chemical formula 
M, 

Crystal system, space group 
Temperature (K) 
a, b, c (A) 



Z 

Radiation type 
IJL (mm^') 
Crystal size (mm) 

Data collection 
Diffractometer 

Absorption correction 

No. of measured, independent and 
observed [/ > 2cr(/)] reflections 

(sin 6ltt)„„ (A"') 

Refinement 

R[F- > 2a{F^)], wR(F^), S 
No. of reflections 
No. of parameters 
H-atom treatment 

Ap„„. Ap„,i„ (e A"^') 



CzsHjoBrClNOj 
522.85 

Monoclinic, P2i/n 
100 

10.5373 (3), 17.1597 (3), 

13.7278 (4) 
107.908 (3) 
2361.96 (10) 
4 

Cu Ka 
3.67 

0.19 X 0.07 X 0.06 



Agilent SuperNova (Dual, Cu at 

zero. Atlas) 
Multi-scan {CrysAlis PRO; 

Agilent, 2013) 
0.733, 1.000 
20233, 4922, 4128 

0.076 
0.631 



0.040, 0.108, 1.03 

4922 

299 

H atoms treated by a mixture of 
independent and constrained 
refinement 

0.67, -0.57 



Computer programs: CrysAlis PRO (Agilem, 2013), SHELXS97 and SHELXL2013 
(Sheldrick, 2008), TITAN2000 (Hunter &. Simpson, 1999), Mercury (Macrae et at., 2008), 
enClFer (Allen et at., 2004), PLATON (Spek, 2009) and publCIF (Westrip, 2010). 

substituent on the N atom. Of these, aromatic substituents on 
the N atom predominate with 15 entries (see, for example, 
Nakhi et al. 2013; Shi et al. 2008; Wang et al. 2003). Two 
structures, 10-(2-hydroxyethyl)-9-(2-hydroxyphenyl)-3,3,6,6- 
tetramethyl-1 ,2,3,4, 5,6,7,8, 9, 10-decahydroacridine-l ,8-dione 
(Abdelhamid et al., 2011) and 9-(5-bromo-2-hydroxyphenyl)- 
10-(2-hydroxypropyl)-3,3,6,6-tetramethyl-l,2,3,4,5,6,7,8,9,10- 
decahydroacridine-l,8-dione (Khalilov et al., 2011) closely 
resemble (1), each with 2-hydroxy substituents on the 
aromatic rings that form intramolecular hydrogen bonds to 
one of the two keto O atoms in each molecule. In the first 
instance, the 2-hydroxyethyl substituent on the N atom is 
identical to that for (1), while the 2-hydroxypropyl substituent 
in the second analogue is closely related. 



5. Synthesis and crystallization 

A mixture of 1 mmol (235.5 mg) 3-bromo-5-chloro-2-hy- 
droxybenzaldehyde, 2 mmol (280 mg) 5,5-dimethylcyclo- 
hexane-l,3-dione and 1 mmol (61 mg) amino-ethanol in 30 ml 
of ethanol was refluxed for 12 h. The reaction was monitored 
by TLC until completion. Excess solvent was evaporated 
under vacuum and the resulting solid product was recrys- 
talhzed from a mixture of ethanol/acetone (10:1 v:v) to afford 
yellow needles of the title compound. M.p. 513 K, 82% yield. 



46 Abdelhamid et a/. • C25H29BrCIN04 



Acta Cryst. (2014). E70, 44-47 



research communications 



IR cm"^: OH phenolic 3400, OH alcoholic 3335, Ar 3001, 
CH-aliphatic 2882, CO 1694, C=C 1591, C-Br 605, C-Cl 
738; ^H NMR: S 10.01 {s, IH, OH phenolic), 7.3 (d, 2H, Ar), 6.7 
(d, IH, C9), 5.00 (i, IH, OH alcoholic), 4.02 (t, 2H, C2), 3.75 (t, 
2H, C7), 2.95 (d, 2H, C4), 2J(d, 2H, C5), 2.2 (m, 4H, ethyl 
group), 1-1.2 (m, 12H, 4 methyl groups); "C NMR: S 199, 200 
(C=0, CI, C8), 145, 132 and 130 (C=C Ar), 110, 112 (C=C, 
in acridine fused rings), 122 (C-N), 62 (C-Br), 73 (C-Cl), 
50 (C-OH), 20, 28, 30 and 32 (C-C of CH2CH2 and 4CH3); 
MS: m/z 522 (100), 523 (30), 524 (100), 525 (30), 443 (56), 
363 (39), 271 (42), 175 (29), 94 (74). Analysis calculated for 
C25H29BrClN04 (522.85): C 57.43, H 5.59, Br 15.28, CI 6.78, N 
2.68%; found: C 57.41, H 5.60, Br 15.31, CI 6.81, N 2.71. 

6. Refinement 

Crystal data, data collection and structure refinement details 
are summarized in Table 2. The H atoms of the two hydroxy 
substituents were located in an electron density map and their 
coordinates were freely refined with Uiso = l-5?7eq (O). All H 
atoms bound to carbon were refined using a riding model with 
rf(C-H) = 0.95 A = l-2f/eq (C) for aromatic, 0.99 A, f/jso 
= 1.2f/eq (C) for methylene, 1.00 A, Uiso = 1.2f/eq (C) for 
methine, and 0.98 A, Uiso = l-5f/eq (C) for methyl H atoms. 
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Computing details 

Data collection: CrysAlis PRO (Agilent, 2013); cell refinement: CrysAlis PRO (Agilent, 2013); data reduction: CrysAlis 
PRO (Agilent, 2013); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) and TITAN2000 (Hunter & 
Simpson, 1999); program(s) used to refine structure: SHELXL2013 (Sheldrick, 2008) and TITAN2000 (Hunter & 
Simpson, 1999); molecular graphics: Mercury (Macrae et ah, 2008); software used to prepare material for publication: 
SHELXL2013 (Sheldrick, 2008), enCIFer (Allen et al, 2004), PLATON{S^e^, 2009) and publCIF (Westrip, 2010). 

9-(3-Bromo-5-chloro-2-hydroxyphenyi)-10-(2-hydroxyethyi)-3,3,6,6-tetramethyl-3,4,6,7,9,10- 
hexahydroacridine-1,8(2H,5H)-dione 



Crystal data 



C25H29BrClN04 
Mr = 522.85 



F(000) = 1080 

Z)x= 1.470 Mgm-3 

Cu Ka radiation, 1 = 1.54184 A 

Cell parameters from 8397 reflections 



Monoclinic, P2\ln 
a = 10.5373 (3) A 
fo= 17.1597 (3) A 
c= 13.7278 (4) A 
yS= 107.908 (3)° 
K= 2361.96 (10) A' 
Z = 4 



^ = 4.3-76.4° 

r= 100 K 



Needle, yellow 

0.19 X 0.07 X 0.06 mm 



Data collection 



Agilent SuperNova (Dual, Cu at zero. Atlas) 



20233 measured reflections 
4922 independent reflections 
4128 reflections with /> 2a{I) 
i?w = 0.076 

^max = 16.1°, drmn = 4.3° 



diffractometer 
Radiation source: SuperNova (Cu) X-ray 



Source 

Detector resolution: 5.1725 pixels mm"' 

m scans 

Absorption correction: multi-scan 



A = -13^12 
k = -2\^2\ 
1 = -11^15 



(CrysAlis PRO; Agilent, 2013) 
7U = 0.733, 1.000 



Refinement 



Refinement on 

Least-squares matrix: full 

^[7^ > 2cr(F^)] = 0.040 

wi?(i^) = 0.108 

S= 1.03 

4922 reflections 



299 parameters 
0 restraints 

Hydrogen site location: mixed 

H atoms treated by a mixture of independent 



and constrained refinement 
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w = llWiF,^) + (0.043 \Pf + 3.0935^] A/j„„ = 0.67 e A-^ 

where P = (F„2 + 2i^/)/3 Ap^ = -0.57 e A-^ 

(A/<t)^ = 0.001 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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0.0193 (6) 


HlUA 


U.iy /4 


0.20/2 


1.042/ 


A AT3 * 

0.023^ 


HlUB 




A 1 AC\A 

0.1 4y4 


1.033 / 


0.023^ 


1 AO 


Uoz4U (J) 


A 1 ACTA /I 0\ 

u.iU5 /y (io) 


0.96^0 (2) 


A AO A 1 

0.0243 (o) 


T T 1 A/^ 


All O^C 


0.0/ /6 


1.025 J 


A ATA* 
0.029^ 


TU1 AT\ 
HWD 


0.234/ 


A 1 O'TO 

0.12/2 


A moo 


A A'^A* 

0.029^ 


1 AT 

UiUz 


0.3o41 (3) 


U.U543i (14) 


A AAA1 

0.9002 (2) 


A A1 1 O t£i\ 

U.033o (o) 


rllU/ 


U.J lo \p ) 


A A1 C /'2^ 


A OOQ //I A 

U.ooo (4) 


A AC 1 * 

O.Oj 1^ 




All AA /I \ 

o.33yy (3) 


0.30933 (16) 


0. / /jO (2) 


A A 1 C 1 /C\ 

O.OIM {p) 




0.3d 10 (3J 


0.2 /y26 (16) 


0.6O94 (2) 


A A1 c/r /c\ 

O.OlDO \p) 


C13 


0.5263 (3) 


0.19368 (15) 


0.8568 (2) 


0.0153 (5) 


C14 


U.Moj (3; 


U.2ZZ61 \>.b) 


A T/iQ 1 /OA 

U. /63 1 (2J 


A A1 CC 

U.U155 (5) 




A OAT T /T\ 

0.2933 (3) 


0.20862 (16) 


A CA /0\ 

0.6350 (2) 


0.0152 (5) 


/~<AO 


0.2973 (3) 


0.18932 (16) 


0.5361 (2) 


A A 1 C C /C\ 

0.0155 (5) 


092 


0.3860 (2) 


0.22101 (12) 


0.49447 (15) 


0.0185 (4) 


XJOO 

riyz 




A 0'20 
XJ.ZJZ (2J 


U.542 (3 ) 


A AOO* 




A OAT A /TX 

0.2039 (3) 


AIT C AA / 1 '7\ 

0.13599 (17) 


0.4773 (2) 


A A 1 /c\ 

0.0167 (5) 


Br93 


A OA /TOO 

0.20665 (3) 


A 1 An 1 A /OX 

0.10910 (2) 


A A An c /o\ 

0.34475 (2) 


A A1 ono /'I A\ 

0.01878 (10) 


C94 


0.1101 (3) 


0.10051 (15) 


0.5147(2) 


0.0156 (5) 


H94 


0.0464 


0.0652 


0.4736 


0.019* 


C95 


0.1116(3) 


0.11794(16) 


0.6140 (2) 


0.0165 (5) 


C195 


0.00165 (7) 


0.07019(4) 


0.66614 (5) 


0.01978 (15) 


C96 


0.2010(3) 


0.17139(16) 


0.6729 (2) 


0.0157 (5) 


H96 


0.1993 


0.1828 


0.7402 


0.019* 



Atomic displacement parameters (A^) 







JJ22 




IP' 




(7'2 






(J23 


CI 


0.0146(12) 


0.0157 


(13) 


0.0207 


(13) 


-0.0030 (10) 


0.0075 


(10) 


-0.0029 (10) 


01 


0.0287(11) 


0.0196 


(10) 


0.0212 


(10) 


0.0037 (9) 


0.0128 


(8) 


0.0039 (8) 


C2 


0.0217(14) 


0.0140 


(13) 


0.0223 


(13) 


-0.0013 (11) 


0.0114 


(11) 


-0.0024(11) 


C3 


0.0179(13) 


0.0196 


(13) 


0.0190 


(13) 


-0.0008(11) 


0.0085 


(11) 


-0.0019(11) 


C31 


0.0183 (14) 


0.0254 


(15) 


0.0241 


(14) 


-0.0015 (12) 


0.0100 


(11) 


-0.0023 (12) 


C32 


0.0257 (15) 


0.0213 


(14) 


0.0243 


(14) 


0.0003 (12) 


0.0139 


(12) 


-0.0013 (12) 


C4 


0.0182(13) 


0.0160 


(13) 


0.0190 


(12) 


-0.0009(11) 


0.0094 


(10) 


-0.0004(11) 


C5 


0.0184(14) 


0.0154 


(13) 


0.0208 


(13) 


0.0016(11) 


0.0039 


(10) 


0.0017(11) 


C6 


0.0187(14) 


0.0177 


(14) 


0.0230 


(14) 


0.0046(11) 


0.0058 


(11) 


-0.0007(11) 


C61 


0.0315 (17) 


0.0190 


(14) 


0.0308 


(16) 


0.0009(13) 


0.0094 


(13) 


-0.0066 (13) 


C62 


0.0243 (16) 


0.0259 


(16) 


0.0339 


(17) 


0.0087 (13) 


0.0070 


(13) 


0.0032 (13) 


C7 


0.0176 (14) 


0.0244 


(15) 


0.0235 


(14) 


0.0034 (12) 


0.0099 


(11) 


-0.0004 (12) 


C8 


0.0187(13) 


0.0147 


(13) 


0.0213 


(13) 


-0.0036(11) 


0.0076 


(10) 


-0.0067(11) 


08 


0.0183 (10) 


0.0254 


(11) 


0.0215 


(10) 


-0.0003 (8) 


0.0089 


(8) 


-0.0010 (8) 


C9 


0.0163 (13) 


0.0143 


(12) 


0.0145 


(12) 


0.0000(10) 


0.0066 


(10) 


0.0010(10) 


NIO 


0.0173 (11) 


0.0119 


(10) 


0.0176 


(11) 


-0.0013 (9) 


0.0082 


(9) 


0.0013 (9) 


ClOl 


0.0253 (14) 


0.0169 


(13) 


0.0178 


(13) 


-0.0004(11) 


0.0100 


(11) 


0.0008(11) 


C102 


0.0328 (17) 


0.0195 


(14) 


0.0246 


(15) 


-0.0041 (13) 


0.0145 


(13) 


0.0021 (11) 


O102 


0.0382 (14) 


0.0207 


(11) 


0.0491 


(15) 


-0.0109 (10) 


0.0232 


(11) 


-0.0082(11) 
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sup-3 



supporting information 



1 1 


r\ ni /TO /I '2\ 
U.UlOO (1 jj 


A A1 /'I 0\ 

U.Uizy (iz) 


A Ai irt ^^ o\ 
U.UI /U (iz) 


A AAT2 /I f\\ 

—\j.\J\jZ5 (lU) 


A f\f\n A ^^ A^ 
U.UU /4 (iU) 


A AA'2 /I / 1 f\\ 

—\j.\J\Ji^ (lU) 


Clz 


Am/1C /'1'5\ 

U.Ui4D (i jj 


AAin 
U.U13Z (12) 


A AT AC / 1 T \ 

0.0200 (13) 


A A AT A / 1 A^ 
— U.0U2U (10) 


A A ATT / 1 A\ 
0.00/ / (10) 


A A A 1^/1 A\ 

—0.0016 (10) 


^ 1 o 
Cli 


U.UlDO (Iz) 


AA100 

O.Olzz (12) 


A AT Ayl / 1 T\ 

0.U204 (12) 


A AAC C / 1 A\ 

— O.OUdd (10) 


A AAOT / 1 f\\ 
0.008/ (10) 


A AA/CA / 1 A\ 

—0.0060 (10) 


L-14 


U.U14y (13; 


U.U141 (Iz) 


A Al 0^ /"I o^ 

U.OloO (iz) 


— U.OUzl (lU) 


0.000/ (10) 


A AAn /"! A^ 

—0.003/ (10) 


L-yi 


U.U140 


A A1 /ll /I 0\ 

U.Ui43 (Iz) 


A A1 /I T\ 

U.UI /o (Iz) 


A AA1 A ^^ A^ 
U.UU14 (lU) 


A AA^T ^^ A^ 
U.UUo / (lU) 


A A AAA /"I A\ 
— U.UUUy (lU) 


cyz 


U.UioU (13) 


A Alio 

U.U136 (12) 


0.01 /5 (12) 


A AAT ^ /■ 1 A\ 

0.0036 (10) 


A AA^ 1 /I A\ 
0.0061 (10) 


A A AT A /I A\ 
0.0024 (10) 




U.Ul /Z (W) 


A AO-n /I A\ 

0.023 / (10) 


A A1 /CT 
0.016/ (9) 


A AATA tQ\ 

—0.0020 (5) 


0.0084 (8) 


A AAA1 

—0.0001 (8) 


cyj 


U.UloU (13) 


A A 1 in / 1 T \ 
U.Ui / / (13) 


A ai/:a /it\ 
0.0169 (12) 


A A AT / 1 1 \ 

0.0026 (11) 


A AAC O / 1 A\ 

0.00d8 (10) 


A A A AT / 1 A\ 
— U.OUO / (10) 


Br93 


0.02276 (17) 


0.01832 (16) 


0.01709 (15) 


0.00042 (11) 


0.00884 (11) 


-0.00280 (10) 


C94 


0.0146(13) 


0.0133 (12) 


0.0177(12) 


0.0010(10) 


0.0034 (10) 


-0.0010 (10) 


C95 


0.0160(13) 


0.0130(12) 


0.0225 (13) 


0.0008 (10) 


0.0089 (10) 


0.0023 (10) 


C195 


0.0189 (3) 


0.0198(3) 


0.0234 (3) 


-0.0044 (3) 


0.0106 (2) 


-0.0021 (3) 


C96 


0.0167(13) 


0.0150(12) 


0.0163 (12) 


0.0017(10) 


0.0066 (10) 


0.0001 (10) 



Geometric parameters (A, °) 



CI— Ol 


1.242 (3) 


C7— H7A 


0.9900 


CI— Cll 


1.457 (4) 


C7 — H7B 


0.9900 


CI— C2 


1.504(4) 


C8— 08 


1.247(4) 


C2— C3 


1.527 (4) 


C8— C14 


1.447 (4) 


C2— H2A 


0.9900 


C9— Cll 


1.506 (4) 


C2— H2B 


0.9900 


C9— C14 


1.510 (4) 


C3— C32 


1.532 (4) 


C9— C91 


1.529 (4) 


C3— C31 


1.539 (4) 


C9— H9 


1.0000 


C3— C4 


1.542 (4) 


NIO— C13 


1.392 (3) 


C31— H31A 


0.9800 


NIO— C12 


1.399 (4) 


C31 — H31B 


0.9800 


NIO— ClOl 


1.481 (3) 


C31— H31C 


0.9800 


ClOl— C102 


1.510(4) 


C32— H32A 


0.9800 


ClOl— HlOA 


0.9900 


C32— H32B 


0.9800 


ClOl— HlOB 


0.9900 


C32— H32C 


0.9800 


CI 02— 01 02 


1.408 (4) 


C4— C12 


1.508 (4) 


C102— HIOC 


0.9900 


C4— H4A 


0.9900 


C102— HIOD 


0.9900 


C4— H4B 


0.9900 


O102— H102 


0.81 (5) 


C5— C13 


1.517(4) 


Cll— C12 


1.367 (4) 


C5— C6 


1.538 (4) 


C13— C14 


1.357 (4) 


C5— H5A 


0.9900 


C91— C96 


1.392 (4) 


C5— H5B 


0.9900 


C91— C92 


1.410(4) 


C6— C7 


1.532 (4) 


C92— 092 


1.351 (3) 


C6— C61 


1.533 (4) 


C92— C93 


1.403 (4) 


C6— C62 


1.541 (4) 


092— H92 


0.82 (4) 


C61— H61A 


0.9800 


C93— C94 


1.387 (4) 


C61— H61B 


0.9800 


C93— Br93 


1.887 (3) 


C61— H61C 


0.9800 


C94— C95 


1.390(4) 


C62— H62A 


0.9800 


C94— H94 


0.9500 


C62— H62B 


0.9800 


C95— C96 


1.384(4) 


C62— H62C 


0.9800 


C95— C195 


1.742 (3) 


C7— C8 


1.501 (4) 


C96— H96 


0.9500 
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sup-4 



supporting information 



Ol — CI — Cll 


120.7 (3) 


Ol — CI — C2 


121.9 (3) 


Cll — CI — C2 


117.4 (2) 


Cl — C2 — C3 


111 O {'^\ 

111.5 (2) 


Cl — C2 — H2A 


109.2 


f^'^ TT*^ A 

C3 — C2 — H2A 


1 (\C\ 

109.2 


C 1 — Lz — HzB 


109.2 


CJ — Cz — HzB 


1 f\C\ 1 

109.2 


H2A — C2 — H2B 


107.9 


C2 — C3 — C32 


1 C\C\ C 

109.5 (2) 


C2 — C3 — C3 1 


1 (\C\ O /I \ 

109.8 (2) 


C32 — C3 — C3 1 


109.4 (2) 


C2 — C3 — C4 


109.0 (2) 


C32 — C3 — C4 


108.9 (2) 


C3 1 — C3 — C4 


110.2 (2) 


C3 — C31 — H31A 


109.5 


C3 — C31 — ^H31B 


109.5 


H31A — C31 — H31B 


109.5 


C3 — C31 — ^H31C 


109.5 


TT1 1 A Z"*'* 1 TTO 1 

H31A — C31 — ^H31C 


109.5 


H3 IB — C3 1 — H3 IC 


109.5 


C3 — C32 — H32A 


109.5 


C3 — C32 — H32B 


109.5 


H32A — C32 — H32B 


109.5 


C3 — C32 — H32C 


109.5 


H32A — C32 — H32C 


109.5 


H32B — C32 — H32C 


109.5 


C12 — C4 — C3 


114.2 (2) 


Cll — C4 — H4A 


108.7 


C3 — C4 — H4A 


108.7 


C12 — C4 — ^H4B 


108.7 


C3 — C4 — H4B 


1 AO ^7 

108.7 


H4A — C4 — H4B 


107.6 


C13 — C5 — Co 


113.6 (2) 


C13 — C5 — ^H5A 


1 AO O 

108.8 


Co — L5 — H5A 


1 AO O 

108.8 


C13 — C5 — H5B 


108.8 


Co — C5 — H5B 


108.8 


H5A — C5 — H5B 


107.7 


LI — Co — Col 


1 AA O 

109.8 (2) 


C7— C6— C5 


109.3 (2) 


C61— C6— C5 


109.9 (2) 


C7— C6— C62 


109.4 (3) 


C61— C6— C62 


109.4 (2) 


C5— C6— C62 


109.0 (2) 


C6— C61— H61A 


109.5 


C6— C61— H61B 


109.5 



C8 — C7 — H7B 


109.4 


C6 — C7 — H7B 


109.4 


H7A — C7 — H7B 


108.0 


08 — C8 — C14 


121.5 (3) 


08 — C8 — C7 


120.4 (3) 


C14 — C8 — C7 


1 1 O A /'**\ 

118.0 (2) 


Cll — C9 — C14 


1 AO 1 /I \ 

108.1 (2) 


1 1 /^A /~^A1 

Cll — C9 — C91 


112.1 (2) 


C14 — C9 — C91 


110.1 (2) 


/~1 1 1 A T T A 

Cll — C9 — iv) 


108.8 


C14 — C9 — H9 


108.8 


C91 — C9 — H9 


108.8 


C13 — ^NIO — C12 


119.2 (2) 


C13 — ^NIO — ClOl 


120.6 (2) 


C12 — NIO — ClOl 


120.1 (2) 


NIO — ClOl — C102 


1 1 1 .2 (2) 


NIO — ClOl — ^HlOA 


109.4 


C102 — ClOl — HlOA 


109.4 


NIO — ClOl — ^HlOB 


109.4 


/~1 1 A*^ /~1 1 A 1 TT 1 An 

C102 — ClOl — ^HlOB 


109.4 


HlOA — ClOl — ^HlOB 


108.0 


01 02 — C102 — ClOl 


109.0 (3) 


i~\ 1 A'^ f ' 1 A'^ T T 1 A/~^ 

0 1 02 — C 1 02 — H IOC 


109.9 


ClOl — C102 — ^HIOC 


1 AA A 

109.9 


0 1 02 — C 1 02 — H 1 OD 


109.9 


ClOl — C102 — HIOD 


109.9 


f 1 ■\ r\ y^ y^ 1 f\r\ T T 1 /\ 

HIOC — C102 — HIOD 


108.3 


1 A*^ 1 A'^ TT1 t\i^ 

C102 — O102 — H102 


112(3) 


Cll — Cll — Cl 


121.3 (2) 


Cll — Cll — C9 


120.6 (2) 


Cl — Cll — C9 


118.1 (2) 


Cll — C12 — ^NIO 


1 1 A O /'^\ 

119.8 (2) 


Cll — C12 — C4 


121.5 (2) 


NIO — C12 — C4 


1 1 O /1\ 

118.7 (2) 


/~1 1 jl 11 "KTI A 

C14 — C13 — ^NIO 


120.8 (3) 


C14 — C13 — C5 


121.5 (3) 


NIO — C13 — C5 


1 1 /1\ 

117.7 (2) 


y~i 1 1 /~i 1 /I y^ O 

C13 — C14 — C8 


121.5 (3) 


1 1 ^ /^A 

C13 — C14 — C9 


1 '^A 1 

120.1 (2) 


C8 — C14 — C9 


1 1 O 1 /1\ 

118.3 (2) 


i~^C\/' /^A1 f^(\^ 

C96 — C9 1 — C92 


1 1 O A 

118.9 (2) 


C96— C91— C9 


120.8 (2) 


C92— C91— C9 


120.2 (2) 


092— C92— C93 


118.2(2) 


092— C92— C91 


122.8 (2) 


C93— C92— C91 


118.9 (3) 


C92— 092— H92 


107 (3) 
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sup-5 



supporting information 



HolA — Col — HolB 


1 An c 

109.5 


/^C\A /^AT /^A'l 

C94 — C93 — C92 


111 o /o \ 

121.8 (3) 


Co — Col — H61C 


109.5 


/^r\ A /"'AO l~i AO 

C94 — C93 — ^Br93 


118.4 (2) 


HolA — Col — Hole 


1 AA C 

109.5 


C92 — C93 — ^Br93 


1 1 A O /"^X 

119.8 (2) 


HolB — Col — Hole 


1 AA C 

109.5 


/^AO /~^C\A /~^CSC 

C93 — C94 — C95 


1 1 O O /'^\ 

118.3 (2) 


Co — C62 — Ho2A 


1 AA C 

109.5 


/^AO /^A/1 TTA/I 

C93 — C94 — H94 


1 OA A 

120.9 


Co — C62 — Ho2B 


109.5 


C95 — C94 — H94 


120.9 


Ho2A — C62 — ^Ho2B 


1 AA C 

109.5 


C96 — C95 — C94 


1 1 1 /o\ 

121.1 (3) 


C6— C62— H62C 


109.5 


C96— C95— C195 


119.4(2) 


H62A— C62— H62C 


109.5 


C94— C95— C195 


119.5 (2) 


HozB — Loz — HozC 


1 AA C 

109.5 


/^AC /^AZT /^A1 

C95 — C96 — C91 


1 OA A /O \ 

120.9 (3) 


f~^o /~*n t~^£. 

C8 — C7 — Co 


111.0 (2) 


OAC r^C\^ TTA^ 

C95 — C96 — H96 


1 1 A C 

119.5 


t~^0 f^n TTT A 

Co — C7 — H7A 


1 AA /I 

109.4 


OA1 r^C\£. TTA^ 

C91 — C96 — H96 


1 1 A C 

119.5 


/^/c (~^n m A 
Co — C / — H/A 


1 AA /I 

109.4 






Ol — CI — C2 — C3 


143.8 (3) 


/— ■ \ c\-\ XT 1 A 1 o 1 /I 

ClOl — NIO — C13 — C14 


166.6 (2) 


C 1 1 — C 1 — C2 — C3 


-36.9 (3) 


C 1 2 — N 1 0 — C 1 3 — C5 


1/^/1 '^ /"OX 

164.2 (2) 


C 1 — C2 — C3 — C 32 


1 /D.9 (Z) 


/"^ 1 A 1 XT 1 A 1 1 /"^ C 

ClOl — NIO — C13 — CD 


1/1 n i A\ 
— 14. / (4) 


CI — C2 — C3 — C3 1 


^O A /OX 

—63.9 (3) 


C6 — C5 — C 1 3 — C 1 4 


1 / A\ 

—12.2 (4) 


C 1 — C2 — C 3 — C4 


56.9 (3) 


/' C 1 O XT1 A 

C6 — C5 — C13 — NIO 


169.1 (2) 


Cz — C3 — C4 — C 1 z 


—44 A (3) 


NIO — C13 — C14 — C8 


1 Z^O 'I /-^X 

168.2 (2) 


C3z — C3 — C4 — C 1 z 


— lo3.o (z) 


CD — CI J — C14 — Co 


1 A A / A\ 

— 1U.4 (4) 


C31 — C3 — C4 — Clz 


76.1 (3) 


XT1 A Ol T Ol A OA 

NIO — C13 — C14 — C9 


1 1 O / A\ 

—11.8 (4) 


C13 — C5 — Co — C7 


/I C 1 /ON 

45.1 (3) 


C5 — CI 3 — C14 — C9 


169.5 (2) 


C 1 3 — C5 — Co — Co 1 


—75.5 (3) 


r\o /~^o 1 A /^io 

Os — Co — C14 — C13 


1 nc\ 1 /o \ 

179.1 (3) 


C i 3 — C J — Co — Coz 


164. 0 (z) 


C / — Co — C 1 4 — C 1 3 


-2.7 (4) 


Col — Co — C7 — Co 


63.6 (3) 


/~\0 /^O 1 A /^A 

O 8 — C 8 — CI 4 — C 9 


-0.9 (4) 


C5 — C6 — C7 — C8 


-57.0 (3) 


C7 — C8 — C14 — C9 


1 O /"OX 

177.3 (2) 


Co2 — Co — C7 — Co 


—176.2 (2) 


Cll — C9 — C14 — C13 


O O T /OX 

33.7 (3) 


r^/^ r^n r^Q /^o 
Co — C / — Co — Uo 


—144.6 (3J 


Oni OA 01/I 01*3 

C91 — C9 — C14 — C13 


OA 1 /0\ 

-89.1 (3) 


Co — C7 — C8 — C 1 4 


37.2 (3) 


Cll — C9 — C14 — C8 


■t A /' A /O \ 

-146.4 (2) 


C13 — NIO — ClOl — C102 


-91.2 (3) 


C91 — C9 — C14 — C8 


A A O /OX 

90.8 (3) 


Clz — NIO — ClUl — ClUz 


OA A /T \ 

o9.9 (3) 


1 1 /^A /^A1 /^AZT 

C 1 1 — C9 — C9 1 — C96 


O '1 C /O X 

—32.5 (3) 


■KTI A 1 A1 1 A'^ /~\ 1 A'^ 

NIU — ClUl — ClOz — (JlUz 


^A A /'?\ 

60.0 (3) 


C14 — C9 — C91 — C96 


87.9 (3) 


Ol — CI — Cll — C12 


1 T A 1 /O \ 

-179.1 (3) 


Cll — C9 — C91 — C92 


151.4 (2) 


C2 — CI — Cll — C12 


1 /' / A\ 

1.6 (4) 


C14 — C9 — C91 — C92 


O O /O X 

-88.2 (3) 


Ol — CI — Cll — C9 


1.2 (4) 


A^ /^A 1 A'^ /~\C\^ 

C96 — C9 1 — C9z — 09z 


1 TO /'^X 

—178.2 (2) 


C2 — c 1 — c 1 1 — cy 


—178.1 (2) 


/^A /^A1 /^AO /^A1 

C9 — C91 — C92 — 092 


1 A /A\ 

-1.9 (4) 


C14 — C9 — Cll — C12 


-33.5 (3) 


/^A/" /~^A1 /^AO /^AO 

C96 — C91 — C92 — C93 


3.0(4) 


C91 — C9 — Cll — C12 


OO 1 /TN 

55.1 (3) 


C9 — C9 1 — C92 — C93 


1 "7 A 'I /'^X 

179.2 (2) 


C14 — C9 — Cll — CI 


146.2 (z) 


/~\A'l OA'^ OA'? OA/I 

092 — C92 — C93 — C94 


1 TA ^ /'^X 

179.6 (2) 


C91 — C9 — Cll — CI 


A-^ 'I /T\ 

-92.2 (3) 


(\ 1 /^A'^ /^AO /^A/1 

C91 — C9z — C9i — C94 


1 C //IX 

-1.5 (4) 


CI — Cll — C12 — NIO 


1 O /"^ \ 

-168.3 (2) 


092 — C92 — C93 — Br93 


1.1 (3) 


C9 — Cll — C12 — JNIU 


11 A / A\ 

11.4 (4) 


OA1 OAO OA'l 

C9 1 — C92 — C93 — Br93 


1 OA A /TX 

loO.O (z) 


CI— Cll— C12— C4 


11.8(4) 


C92— C93— C94— C95 


-1.1 (4) 


C9— Cll— C12— C4 


-168.5 (2) 


Br93— C93— C94— C95 


177.4 (2) 


C13— NIO— C12— Cll 


14.7 (4) 


C93— C94— C95— C96 


2.3 (4) 


ClOl— NIO— C12— Cll 


-166.4 (2) 


C93— C94— C95— C195 


-176.3 (2) 


C13— NIO— C12— C4 


-165.4 (2) 


C94— C95— C96— C91 


-0.8 (4) 
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ClOl— NlO— C12— C4 


13.5 (4) 




C195— C95— C96- 


-C91 


177.8 (2) 


C3— C4— C12— Cll 


11.1 (4) 




C92— C91— C96- 


-C95 


-1.9(4) 


C3— C4— C12— NIO 


-168.8 (2) 




C9— C91— C96— C95 


-178.1 (2) 


C12— NIO— C13— C14 


-14.5 (4) 










Hydrogen-bond geometry (A, °) 


D—n-A 




D—n 


n-A 


D-A 


D—n-A 


092— H92-08 




0.82 (4) 


1.81 (4) 


2.613 (3) 


166 (4) 


O102— H102-O1' 




0.81 (5) 


2.01 (5) 


2.808 (3) 


167 (5) 


C61— H615"Br93" 




0.98 


2.87 


3.720 (3) 


146 


C31— H315-092'" 




0.98 


2.65 


3.532 (4) 


150 


C5— H5S-092" 




0.99 


2.71 


3.479 (4) 


135 


C7— H7^"092'^ 




0.99 


2.44 


3.346 (4) 


151 


C4— H4^"C195'^ 




0.99 


2.88 


3.868 (3) 


173 



Symmetry codes: (i) -xf 1/2, -z+3/2; (ii) -x^\, -y, -z+1; (iii)x-l/2, -yfl/2, z+1/2; (iv)xf 1/2, -y+1/2, z+1/2. 
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